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Description 

This invention relates to methods of gene delivery into cells of the central nervous system by introducing and 
expressing gene sequences using herpes simplex virus 1 (HSV-1) mutants with deletions in gene(s) for viral replication. 

5 The delivery and expression of heterologous or native genes into cells of the nervous system to after normal cellu- 
lar biochemical and physiologic processes in a stable and controllable manner is of substantial value in the fields of 
medical and biological research. This genetic perturbation of the nervous system provides a means for studying the 
molecular aspects of neuronal function and offering therapeutic approaches to pathologic processes. 

Herpes simplex viruses possess several properties that render them attractive candidates as delivery vehicles to 

w bring foreign genes into cells of the peripheral and central nervous systems. (Breakefield, X.O., et al.. Mol. Neurobiol. 
1:339 (1988); Dobson, AT., £UL JL¥imL 63:3844-3851 (1989); Ho and Mocarski, ][Msm lfiZ:279-283 (1988); Ho, 
D.Y, et al.. Proc. Natl. Acad. Sci. USA 86:7596-7600 (1989); Friedmann, T, Science 244:1275-1280; Palella et al.. 
Gene 80 :138 (1989).) 

These viruses can infect and deliver their DNA into many different cell types, including adult postmitotic neurons; 

15 they can enter a state of latency in neurons and possibly other cell types, in which the viral genome exists as an episo- 
mal element in the nucleus of the cell; they are able to infect a substantial number of cells in vivo due to their ability to 
reach high titers in culture and to propagate in the nervous system and the relatively long half life of virus particles; large 
exogenous DNA sequences can be inserted into their genomes; and they possess a wide host range. (Long-necker, R., 
etal.. In: Viral Vectors. Gluzman, Y, etal. (eds.), CSH Lab, pp. 68-72 (1988); Roizmann, B.. et al.. In: Virology. Fields. 

20 B. N., etaL ( eds. ), Raven Press, New York, pp. 497-526 (1985); Rock, D.L, etal.. Nature 302:523-525 ( 1983 ). ) 

Recently, an amplicon-type plasmid-vector system based on herpes simplex virus 1 (HSV-1) has been used to 
achieve relatively stable expression of the lacZ gene in cultured neurons. (Spaete, R.R., et al. Proc. Natl. Acad. Sci. 
JJSA 82:694 (1985); Geller, A.I., fiLaL Science 241:1667 (1988); Gelier. A.I., fiUL Proc. Natl. Acad. Sci. USA 27:1149 
(1990).) In this plasmid vector, the lacZ gene was placed under the control of an HSV-1 immediate-early promoter and 

25 packaged using a temperature-sensitive HSV-I helper virus tsK. Coen, DM. et al.. Proc. Natl. Acad. Sci. USA 86:4736 
(1989); Leib, D.A., et al.. J. Virol. 63: 759 (1989); Davison, M.J., etal.. J. Gen. Virol. 65:859 (1984).) 

Several factors appear to limit the potential uses of herpes viruses for gene transfer to cells in culture and in vivo . 
These include the relatively frequent occurrence of spontaneous revertants of some mutants; possible recombination 
events between helper virus, viral sequences in plasmids, and latent sequences; deleterious effects on host cell mac- 

30 romolecular synthesis as a result of viral proteins; alterations in the host cell genome; and possible reactivation of pre- 
existing latent viruses. (Davison, M.J., et al.. J. Gen. Virol. 65:859 (1984); Fenwick, M, Compr. Virol. 19:359 (1984); 
Heilbronn. R.. etal.. J. Virol. 63:3683 (1989); Kwong, A.D., et al.. J. Virol. 63:4834 (1989); Johnson, PA., et al.. 14th 
International Herpes Workshop abst. (1 989).) 

In the study of gene expression in neuronal cells in the central nervous system, and the identification of therapies 

35 for treating neuronal disease of the central nervous system, a need therefore continues to exist fa methods of gene 
delivery with efficient viral vectors capable of mediating gene transfer into such cells without causing harm to the host 
animal. 

According to the present invention, there is provided a herpes simplex virus 1 (HSV-1) vector comprising a mutation 
in a gene for viral replication and a gene sequence operably finked to a promoter sequence so that the gene sequence 
40 can be expressed in a ceil; wherein said gene sequence codes for a pharmaceutical^ active agent or for an agent which 
modulates neuronal physiology. 

Preferred vectors of the present invention are set out in claims 2 to 7. 

Vectors of the present invention can be used in a method for introducing and expressing a gene sequence into a 
central nervous system cell, the method comprising: 
45 introducing into a central nervous system cell a herpes simplex virus 1 (HSV-1) vector comprising a mutation 

gene for viral replication and a gene sequence operably linked to a promoter sequence so that the gene sequence will 
be expressed in the cell; and 

expressing the gene sequence. 
The mutation in the gene for viral replication is preferably in a gene coding for immediate early genes. This may be 
so a gene that encodes infected cell proteins (ICPs) 0, 4, 22. 27 and/or 47. 

However, suitably the mutation in the gene for viral replication is in a gene coding for early genes. In such a case, 
it is preferred that the early genes encodes thymidine kinase or DNA polymerase. 

The invention also relates to a pharmaceutical composition comprising the herpes simplex virus 1 mentioned in the 
above method and a pharmaceutical^ acceptable carrier. 
55 The invention additionally relates to the use of a herpes simplex virus 1 as described in the above method for use 
in medicine. 

The invention also relates to the use of a herpes simplex virus 1 (HSV-1) vector having a mutation in a gene for viral 
replication and having a gene sequence operably linked to a promoter sequence, the vector allowing the gene 
sequence to be expressed in a central nervous system cell so that the expressed gene product complements a neuro- 
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he express.cn of the gene sequence in a neuronaTceVto mSutl ™ , Sequence ' •» vect °' *"°*nQ 

for modulating neuronal physiology in a neuronal ^ PhyS, ° ,09y h *» ""P"*" of an agem 

«onS^ 

s-tem^ 

genefs) for viral replication. The desired gene seaWto^T JT^ u 80 8,31 ft has a d e'etion(s) in a 

such that the gene sequence will be T, t * ^ * inSerted int0 *• mutated HS J-? 

ceH in the central nervous system by Z^^S^^l ^ a ««• "■*«"" is expressed in a 

a HSV-1 vector with a mutation in a genTfor SSSSZ 21 " ^ System * ***** 

=r t.tthegenes.uence W i,, b e^ 

express proteins or polypeptides to promote Ztfa SS' ^ J* *Wore: genes tha 

terns or polypeptides, for example to tall J£ST^,^!^? 9 Ce " ; 9enes ,hat ** pro- 

1 ™^ ,n vi ri0 n, HSV- 

^P rin 9 Harbor LaDorator V 1 Cold Spring Harb^NY 1982)^ ^^^n^Q^^o 1 ^"^^ 22 ' Y G,U2ma ^ «■ 
In^w appr0Mmate, y 100 genes and is ipiS^l^^ **• OM^K (1982,., HSV- 
encode .nfected cell proteins (ICPs, 0. 4 22 L 1 f ,n S ' Z6 - Rve immediate ea "y genes 

early proteins then act to regu ate the exertion ■ ™ ,0r re9u,atory pro,eins <* *» virus. These immediate 
ctoss are response for Z DNA repto^ "TTw late r n aen« ^ (E) " d (L) C,asses ^SSfl 
structural components and enzymes r^uirS'toailLLL 9 6 ,ndUC6d affer DNA re P ,ica *°n and encode !» 
scription of the immedate early genesTScS * " WUS " hin *• late «•"- are induct 

genes. Expression of genes encoded by HSV- XS^Z^F^l!***"*** « capable of e^essing 
_™more. HSV -' « transported both antemnmH-T-^ ZZZlr *** h ^ idi ««on in latently infected neurons, 
cally. These properties are especially advantaaeous 7r> S i . I'" neUr ° nS ' and 030 be P 35 ** transsynaptj- 
targets of interest some distance ^yT^^^ ™ 99eS * ^ HSV " 1 v «*»* m be capable of reZg 

sensory or motor neurons innervating the site 0^^^^^"?" 8SCendS *" neuraxis ' initiallv in ■» 
oral cortex (Koprowski. H.. In: Persistant vZt^™^™** «**■ °rain stem, cerebellum, and cere- 
ond. attempts to mimic HSV- latencv in tiS ?t 3' Pp 691 ' 699 ' Academic Press. NY (1978) ) Sec 
temperature. DNA synthesis inhS? ndSserfdi^S T "V SS* * " eurans have £2- £, 
spreading to all the neurons (Wigdahl. B eTaf ? ro ? n^h 9 ^..? V ° V,>i0nS t0 prevent a W* "acton for 

In the method using vectors of thP r^S^ ^ * Acad ,Sn ' IS * 61:621 7 <»» (1984,.) 
cation can be used to !££ %X!£!^™ "*» ^ ™*«™ ^esiivohved in vW repli- 
tors. or mutated HSV-1 . is meant to M^^SX^^SZ^! ^ ^ *• term HSV " 1 £ 

« may be used for a vector for gene delrTy The te rm SSI? ^ h3Ve been modified so that 

•ndudegenedeletions. gene defTciencies^e activato SEST fT^T* - h Vira ' rep,ication " is m «ant to 
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(eds.), Raven Press, New York, po 497-52A /iqocx. d ^ n , 

The early genes that are invT^ j S" f '"° ' ^ < 1 ^J. 

ass Rews - — p - --^ ^-^^Ks^ 

2r M f s r ^ ,ective,y described •^^zs^sr;* rjr** neur ° 9,ia - <*»™ 

t£ t ' I1J f ilU!Ja£U4 ^^ I?' u 6 are ^ example, by 

The term "gene sequence," as uledheT ein is intonZT , Harper & *»• NY 0979). 

gene sequences may be derived fromTJ^ 

moters to express the gene sequence. ' Pr ° m ° terS ** 9enes for can oe used Spro 

v-ral vector according to this invention will Sve a ZXJJ? "* "* Capab,e 01 «P««*W the gene So ™ 
vector should also not have deleterious efZ 0 TSSOSTT for efficie "t replication The 

sequences and the total genome si« is ZZ^^Z?"? *** 061,8 «"«« ■ helper virus. The vS 

Soete.R.Rei <M^S^S?12 n 2 Ha,ta """""K Cold Sprfn, hJTn Y Slf.^ 
a™Mot the protein can b. made. Ihus avoMnadK^ii™ a ,wn » P fomo 'af- a substantial 
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a differentiated phenotype, e.g., as in catecholamine metabolism and myelin biosynthesis. Regulation depends on 
many factors including chromatin structure. DNA methylation, and transacting factors, which respond to phosphoryla- 
tion, hormones, and other signals. It is a complex process that allows sets of genes to be expressed together or differ- 
entially and may involve a combinatorial code of regulatory sequences. 

s Issues of cellular fate and interactions in the central nervous system can also be addressed by gene transfer. For 
example, genes which encode histological markers can be introduced into embryonic cells to determine lineage rela- 
tionships during development and to elucidate neuronal pathways and to follow cell maturation and fate. In addition, 
genes encoding growth factors, oncogenic proteins, toxic peptides, or other physiologically important proteins, can be 
introduced into specific areas of the brain and spinal cord to study their effects on cell division, survival, and drfferenti- 

w ation. For some studies, gene transfer or gene expression must be restricted to specific cells in the nervous system. 

Gene transfer also possesses substantial potential use in understanding and providing therapy for disease states. 
There are a number of inherited neurologic diseases in which defective genes are known and have been cloned. In 
some cases, the function of these cloned genes is known. In humans, genes for defective proteins have been identified 
for (1) lysosomal storage diseases such as those involving p-hexosaminidase (Kornerluk, R.G., et al.. J. Biol. Chem. 

15 261:8407-8413 (1986); Myerowitz. R., etaL Proc. Natl. Acad. Sci. USA 82:7830-7834 (1985)) and glucocerebrosidase 
(Sorge etaL Proc. Natl. Acad. Sci. USA 82:5442-5445 (1985): Tsuji, S. ( fiLaL, N. Engl. J. Med. S1fi:570-575 (1987)), 
(2) for deficiencies in hypoxanthine phosphoribosyl transferase activity (the "Lesch-Nyhan" syndrome; Stout et al. . Met. 
Enzvmol. 151:519-530 (1987)), (3) for amyloid polyneuropathies (prealbumin; Sasaki, H., et al.. Biochem. Biophvs. 
Res. Commun. 125:636-642 (1984), (4) for Alzheimer amyloid (Tanzi, R.E., et al.. Science 235 :880-884 (1987): Goldg- 

20 aber, D., etaL. Science 235:877-880 (1986)); (5) for Duchenne's muscular dystrophy (uncharacterized muscle protein; 
Monaco. A.R, etaL Nature 323 :646-650 (1987)); and (6) for retinoblastoma (uncharacterized protein expressed in the 
retina and other tissues, Lee, W.-H., et aL Science 225:1394-1399 (1987); Friend, S.H., etaL Nature 323 :643-646 
(1986).) 

Gene transfer techniques can also be used to study the "shiverer" mutation (myelin basic protein, Roach, A., et al.. 
25 Qell 42:149-155 (1987); Molineaux, S.M., etaL Proc. Natl. Acad. Sci. USA 83:7542-7546 (1986)) and the "jimpy" muta- 
tion (proteolipoprotein, Nave, K.-A., et aL Proc. Natl. Acad. Sci. USA 83:9264-9268 (1986); Hudson, LD., etaL, Proc. 
Natl. Acad. Sci. USA 84:1454-1458 (1987).) 

The above diseases fall into two classes: deficiency states, usually of enzymes, which are inherited in a recessive 
manner; and unbalanced states, at least sometimes involving structural or regulatory proteins, which are inherited in a 
30 dominant manner. 

For deficiency state diseases, gene transfer could be used to bring a normal gene into affected tissues for replace- 
ment therapy, as well as to create animal models for the disease using antisense mutations. For unbalanced state dis- 
eases, gene transfer could be used to create the disease state in a model system, which could be used in efforts to 
counteract the effect of the imbalance. Thus, the methods using vectors of the present invention permit the treatment 

35 of neurological diseases. As used herein, a deficiency state disease is "treated" by partially or wholly remedying the 
deficiency which causes the deficiency or which makes it more severe. As used herein, an unbalanced state disease is 
"treated" by partially or wholly remedying the imbalance which causes the disease or which makes it more severe. 

The method using vectors of this invention may also be used to modulate normal physiologic processes, e.g., deliv- 
ery of growth factors or other peptides or enzymes to optimize neural regeneration after injury or prolong cell survival 

40 in aging or after toxic insults. In addition, it can be used to regulate transmission across certain synapses, for example, 
to kill neurons in the pathway, or alter neurons within phenotype by up or down regulation of normal neuropeptides or 
producing neuropeptide analogs as in pain transmission. 

In summary, this invention provides a framework for construction and use of replication deficient HSV-1 vectors that 
can mediate delivery and expression of genes in neurons and other cells in the brain and spinal cord. Virus mutants 

45 which cannot replicate in neurons, but can still enter latency, provide the safest vehicle for delivery and appear optimal 
for targeted delivery to individual neurons either to effect changes in their physiology or to trace their extensions. 
Mutants which undergo limited replication can be used to alter the physiology of larger groups of neurons and possibly 
even through to be transmitted across synapses. Such mutants, however, may be somewhat pathogenic, as cells har- 
bouring productive infections may be killed. Herpes vectors thus offer the potential to after the physiology of single or 

so groups of neurons to study their function and also provide an avenue of exploration for therapeutic interventions aimed 
at correcting defects and modulating in neuronal functions. 

Having now generally described this invention, the same invention will be described in greater detail by reference 
to the accompanying drawings and Examples which are included herein for purposes of illustration only and are not 
intended to be limiting of the invention In the drawings: 

55 

Figure 1 shows six photomicrographs illustrating p-galactosidase expression in rat brain cells after injection with 
herpes simplex virus vectors 7134 and RH105 after 1 day. 3 days, and 14 days; 

Figure 2 shows a photomicrograph illustrating p-galactosidase expression in rat brain cells after injection with her- 
pes simplex virus vector GAL4; 
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d*J£3££S 10 eXP ' 0re ^ - "~ "«*-" «** «** - vectors to 

« -SsS^^^^ ^ °* ^ W» Cancer Center) pos- 

W.. SLML UBaL&Kn (^^^J^Z^T^"^ vec,or '^escribed indetail in Cai. 
Compared to wild-type HSV-1. i^^S^J^^^^^ ,CP0 ^ediate-earfy promoter, 
establish .atency in sensory neurons XE£S££^ * °* " CU,ture and ^ mutants 

mouse corneas. Once they have establish2Zencl Z, ^ T ^ ^ used to inocula te 

The second vector, GAL4 provided hv nr m^i r^i _ 1 " 

gene. This vector is <eWin7eS^^^^^ * ** ^ °« *» ,CP4 
ence. Expression of |a^ is controlled by the ea% promoief^ 

or when inoculated onto mouse corneas. As a T"** d ° TOl replicate in «*« 

<~e^ 

herein by reference. Expression of this gene fe reautata I bvl 5^ 162:279 (1988) " h «Wtod 

gene is described in patella em, f*SimS£££? '^te-early Promoter. Thymine kinase (TK) 

lining the endogenous c^ttJ^l^SS^^S ^ h ^ ft""™** by li 

system cells into rodents. (Leist TP * a . TCI, «™ ? ,OW,n9 ,nocu| a«on peripherally or in nervous 
86:4736 ( i 9 89).) T1iese mutants Wn'eSteSS sfnirl nS ! ^ ^ Pf ° C ^ "° A 
patent state. (Le is, TP., ^ ^ ^ *™ a^Sl^S^ 

23:759 (1989).) However, these exoe iment^ , " Sfl g g :4736 Leib. D.A.. e±aL j. Virol 
histologjcai assessment of ^ 

These three vectors 7134 GAL4 and 9 . penpheral nervous system, 

cells of rat centra, nervous ZSn ^t^^^^Z^ T !ac2 gene in neuronal 

immediately viral proteins. .CPO and ICpTand tnt?a^ Q S £ T * uteMu,ions in »• 0<»es encoding the 
mised or defective in their ability to replicating 

ers active in the early phase SSi^^^J^ZS^^ * ~* ^ 

stereotactic inoculation of these mutant virlT^adl Sh™ T ^ 0bSerVed h cortical neurons fo,lowi "g 
pathogenesis in animals as eompJKSS^^SS n^T marked, V reduc * 

tosidase gene were observed wHh the SSmZ^I^-S^-^^* pa " ems * "P"**" of the p-galac- 
produced 0-ga.actoskiase -g^i^K^^i^ * ^Jf ° frontal and caudate 

from it for up to 14days. ThefcPO verto a^^ 

cortex. The ICP4 and thymidine kinase mSS^nl^ll^I^ retrograde* to the contralateral cingulate 
i"imediate.yadjacem to the injection trartt a f^ 
opportunity for the insjtudelivery and expre^o^ 

little adverse effect on animals ^^"^^'^enesm neurons rn the central nervous system (CNS) with 



Example 1 



Inordertoevaluatethepotentjaluseofvectors7134 GAid anwoumc* 
potential pathogenic effects on animals follow^ Z , ,ord,rec «gene delivery into CNS cells, the 
Plaque forming units (PFUs) £ tSToUJ Tmos VJE^JS?**"* W9S f irSt assessed - Usin 9 "MB 
were injected into the right ° f HSV "' in 2 these vectors 

0'sevenrafcinject.w.^^^ 
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starting approximately 8 days after injection^ Js £S 7S t ^S^!Tl " and drinWn 9 
-ntracerebral injection of 7134 became letharaic a£*SZ£*Z 1 0ne animal •« reived an 

neurons werefound dispersed thr?ughS 

amilar to the one seen in the rats that had na*!££™Z£ w * temporal lobe& ^ P 3 " 6 " 1 appeared 
ficular rat had been housed mSten Z TSV*** ""^ HSV ' 1 K0S - P*- 
possible explanation for the dS! LtT * "* bee " injected •* *«* one 

with wild-type HSV-1 KOS, S^SS^SSSS? T ^ ^ * ^ » ^ beCame infected 
might have created a helper'eflecSlS 1? X2£S£T^ IT * Srte This 

those injected with GAL4 or RH105 viruses sh^^^l^ ^ 34 th,s animal >- Co"™ animals and 

behavioral abnormalities do not routinel ^esu ^om ^7 ?134 ' are r6,ative| y "otogenic and that 

anomaly previously exhibited " Se rate - reDeated studv ««h 7134 did not show the 
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for the presence of p^alactosklase acttity^nVp^ 

intense blue stain throughout the cytoplasm J Si 1^ i" 9 ? t ^ pK "» **■ » 

with a Hamilton syringe using ireotadSSES?^ ^ Dep1 " "° 4) Two ^ volumes were «i«ted 
drinking behavior andfor I^SS5?S?5^TSS T ■** ** ■ tao ™«- in and 

and sacrificed by intracardiac P^'Z ^^^Z^l^ ^ anima,S were anesthetized 

was obtained by intraperitoneal mi^OS^^^tS' Phosphate buffered saline. Anesthesia 
39.6% polyethylene glycol. 166 mi magnesium suite and 4 S%ThS ST - !" 8 ! ^ 10% •*"»■. 

thefollowingSdays by serially pladngthLfora^S 

concentrations of suaose (15%. 2al ^SSmSS^^T - S ° ,Uti ° n Whidl COn,ained increasin 9 
on a cryostat in 40 M sections. After iS^^S^^'2£f T * ^ bn " nB Were 
solution containing 0.1% X-Gal. 2 mM n«gni"m chSe 35 S^^ 880 *™ Were reaCled merni ^ in a 
anide. 0. 1% sodium deoxycholate and 0T*2u£ I P^ss-urn ferrocyanide. 35 mM potassium ferrocy- 

on glass slides and examined by light microscopy ' ° P ^ S(3hate bMend Sa,ine - sections 

were mounted 

aroundtheinjectionsiteatdayl positive^ S w^ e S^„^? a,ac,os,dase **» localized within a 175 pm* and 
in the number of cells expressing?^^ 

in contrast to me findings torf l 3 4^nfa^ ««« *• needle trad, 

expressing cells were present only along he needle Sr^T ." ,ec,K ?' Sparse foci of IHjalactosidase 
could be detected (Figure 1). lwww1fl an ^ of 10 and by 14 days no positive cells 

cedSe^ 

brain sections were dehydrated in 70% m^Ji^JSj^ ? Wstochemical reaction, the 

"ns*in80^ 

*™TtS 

the CNS with limrted spread awayZX^^ 

a replication defective vector th^dXrs a gene to It^ L ,f ^ r6PreSented by GAU and RH1 0S - is th * of 

The differences in the patterns f S£SS ISS? I?"* 0 " Site M spread to other 
of different viral genes, or genetic 'dnK^TIS J? ^l*™ 9 ^ a,S0 ^ *• 

from an HSV-1 KOS virus stain^hafr^ t^m p^oMg^ed in one la^ratn US ^h VeC, °Du 134 GAL4 W6re obtained 
1 KOS strain propagated in a different wSS^^S?T£^ 1 ° 5 ^ ^ a " HSV ' 
was^so opined from the same laboratory Jv^ 

w a: (7134)i ,CP6 (GAL4) - " 

The pattern of 7,34-med.a.ed p-ga.actos.dase expression is best explained by an initial product infection in 
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and/or by immunosuppression. By contract tmSS^^^?^^^^ Ce,,s ** entr * int ° 'atency. 
cates that only a small number of cZ n^t^^JT ^ P^ 8 ***** expression in* 

occurs, arthough the virus may elrttency '"^ ** ** 00 pMdue *» infecfo " 

^neurons in ratsfiveda^ ,he " rus — — *» *•* 

behavioural abnormalities J^onw.mwiiatypeHSV-1 KOS. At the time these animals exhibited profound 

reacted for one hour with medium S^S^n^ST f BC li SL s P ecrf,cations )- sections were then 
ough rinsing in TBS. the sections ■JESE^J!^ »* rtta » ,ine " After *or- 

addrtional rinsing, the sections were placed for 30 Zls ?n EET^ET ,9Q (VeCtaStain) ' After 

solution containing 0.01% hydrogen peroxide and 0 05% w ? "* 0a conte,n,n 9 «** and then in a 

parietal lobes. This suggested that the ZZ m^^^JT" 5 " *" *-W an °" 

mutants is a property of the mutants arrfTnot dSe to See " W ^ inieetond,he 
staining was visible even at higher magnification £1 n^h^LTS, ^T? med,Um 3,0,16 Was in ' ected ' no blu e 
(Hjalactosidasehistochen^ 

3L Virology ig7:279 (1988).) ^ endogenous lysosomal p-galactosidase activity. Ho. D.Y.. * 

^SSiSKS^ *eas a,ong the needle tiac* 

ular directions and then n^S^^^S^SS^ T^? 9 ^ a,actosid ** in two perpendic- 
from at least two different rats (range 2^ t^Tt^nTj^ n^ 3 " 1) WSre measured for «* inocu| ation 
these measurements. Measurement' we!e taSn with of a T ^ ^ represert the *«0- * 

To determine which type ^^^1^2 J^'* m ' Cr0meter °" 3 ,isht m «roscope. 
sections were then JSS^J!^^^ - 7134 "*> *• right caudate. 

such as swelling or beading of imJ^^^^t^Z^ n **°" * ^ration, 

non-neuronal cell types. P-galactosidase gene expression was not as apparent in 

HSV-1 SnSte^ CNS - Sieved using replication deficient 

possessed the morphological <SS^SS^JSS^ re P |ica «°"^omised mutant 
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TABLE 1 



SURVIVAL OF RATS AFTER INTER- 
CEREBRAL INJECTION OF VIRUS 




Days After Injection 


Mutant 


1 


3 


14 


Control 8 


12/12 b 


8/8 


4/4 


7134 


26/26 


8/8 


6/7° 


7134 


12/12 


12/12 


12/12 


GAL4 


15/15 


11/11 


3/3 


RH105 


12/12 


8/8 


4/4 


KOS 


19/19 


15/15 


1/8* 



a EquaJ volume of medium was injected. 
Expressed as animals surviving/ani- 
mals inoculated on day 0. 
'fteath of one animal occurred 8 days 
after injection. This animal exhibited leth- 
argy and inactivity prior to death. 
d Animal deaths occurred 6-7 days after 
inoculation and were preceded by fre- 
quent seizures 5 days following inocula- 
tion. 



Claims 

Claims for the following Contracting States : AT, BE, CH, DE, DK, GB, FR, IT, LI, LU, NL, SE 

1 . A herpes simplex virus 1 (HSV-1) vector comprising a mutation in a gene for viral replication and a gene sequence 
operably linked to a promoter sequence so that the gene sequence can be expressed in a cell; wherein said gene 
sequence codes for a pharmaceutically active agent or for an agent which modulates neuronal physiology. 

2. A vector according to claim 1 wherein the mutation in the gene for viral replication is in a gene coding for immediate 
early genes. 

3. A vector according to claim 2 wherein the gene coding for immediate early genes is a gene that encodes infected 
cell proteins (ICPs) 0. 4, 22, 27 and/or 47. 

4. A vector according to claim 1 wherein the mutation in the gene for viral replication is in a gene coding for early 
genes. 

5. A vector according to claim 4 wherein the gene coding for early genes encodes thymidine Kinase or DNA polymer- 
ase. 

6. A vector according to any preceding claim wherein said gene sequence codes for: a neuropeptide, a growth factor, 
a protein or polypeptide which promotes regeneration or prolongs the life-span of a cell, a toxic protein or polypep- 
tide, a gene product which complements a neurological deficiency of the central nervous system, a histological 
marker, or an oncogenic protein. 

7. A vector according to any preceding claim for use in medicine. 

8. The use of a herpes simplex virus 1 (HSV-1) vector according to any preceding claim in the preparation of an agent 
for treating a neurological deficiency of the central nervous system. 
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40 



45 



50 



55 



Claims for the following Contracting States : ES, GR 

7. A method according to any preceding claim for use in medicine. 

8. The use of a herpes simplex virus 1 fl-i^v 1\ v«w 
a*» * *»*, . neurok^ daieLJ ^^^^ **» " •» P>W»*n of .„ 

Patentanspruche 

einen Wirk- 

* SE2i ST * MUata h ta Gen das » 

4 ' ^C^ , ^*"^ h ^**-*«<--- h --. a -b« lu *.» 
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" 8. Verwendung eines Herpes-simDlex-Vims-i fMW 1 \ Vfl u 

PafentansprOche Ifir totgende Verbagsstaatsn : ES, GR 

1. Vertahfen 2 ur Bereiwetag en.es HopeMmDte-Virus.1 in.lv „ 

Jrw* Replitefcn peseta, 1st. ^SiiaSSZTI^*.^ *" Mu,a800 in 

-m. ,■*„, „ *„,„ vJIjes llS&ggxs*"- *— 

JKESJ^Sr " " *" «" * ** « in einem Gen ^ ^ 

7. Ven*en n,c i^ehen, * vo^enden Arcprtche 2ur v^eWung h *, Me<feh 
Revendications 

55 

•mm. p. u , te a, sulvams . „ BE ^ M ^ m , T LU nl se 
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genique puisse §tre exprim6e dans une cellule; ou la sequence genique code pour un agent pharmaceutiquement 
actif ou pour un agent qui module la physiologie neuronale. 

2. Vecteur suivant la revendication 1, dans iequel la mutation dans le gene necessaire a la replication virale se sltue 
5 dans un gene codant pour des genes precoces immediats. 

3. Vecteur suivant la revendication 2, dans Iequel le gene codant pour les g6nes precoces immediats est un gene qui 
code les proteines de cellule infectee (PCI) 0, 4, 22, 27 et/ou 47. 

10 4. Vecteur suivant la revendication 1, dans Iequel la mutation dans le gene necessaire a la replication virale se situe 
dans un gene codant pour des genes precoces. 

5. Vecteur suivant ta revendication 4, dans Iequel le gene codant pour les genes precoces code la thymidine kinase 
ou I'ADN polymerase. 

75 

6. Vecteur suivant Tune quelconque des revendications pr6c6dentes. dans Iequel la sequence g6nique code pour : un 
neuropeptide, un facteur de croissance, une proline ou un polypeptide qui favorise la regeneration ou prolonge la 
duree de vie d'une cellule, une proteine ou un polypeptide toxique, un produrt genique qui compiemente une d£fi- 
cience neurologique du systeme nerveux central, un marqueur histologique ou une proteine oncogene. 

20 

7. Vecteur suivant Tune quelconque des revendications precedentes, a utiliser en medecine. 

8. Utilisation d'un vecteur du virus Herpes simplex 1 (HSV-1) suivant Tune quelconque des revendications preceden- 
tes, dans la preparation d'un agent pour le traitement d'une deficience neurologique du systeme nerveux central. 

25 

9. Utilisation d'un vecteur du virus Herpes simplex (HSV-1) suivant Tune quelconque des revendications 1 a 7, dans 
la preparation d'un agent pour moduler la physiologie neuronale d'une cellule neuronale. 

10. Composition pharmaceutique comprenant un vecteur suivant I'une quelconque des revendications 1 a 7 et un exci- 
se pient pharmaceutiquement acceptable. 

Revendications pour les Etats contractants suivants : ES, GR 

1. Proc6d6 fournissant un vecteur du virus Herpes simplex 1 (HSV-1 ), dans Iequel on introduit une mutation dans un 
35 gene necessaire a la replication virale et une sequence genique liee de maniere operable & une sequence promo- 

teur, de sorte que la sequence genique puisse §tre exprimee dans une cellule; ou la sequence genique code pour 
un agent pharmaceutiquement actif ou pour un agent qui module la physiologie neuronale. 

2. Procede suivant la revendication 1 , dans Iequel la mutation dans le gene necessaire a la replication virale se situe 
40 dans un gene codant pour des genes pr6coces imm6diats. 

3. Procede suivant la revendication 2 ( dans Iequel le vecteur comprend un g§ne codant pour les genes pr6coces 
immediate qui est un gene qui code les proteines de cellule infectee (PCI) 0, 4, 22, 27 et/ou 47. 

45 4. Procede suivant la revendication 1 , dans Iequel la mutation dans le gene necessaire a la replication virale se situe 
dans un gene codant pour des genes precoces. 

5. Proc6d6 suivant la revendication 4, dans Iequel le gene codant pour les g6nes precoces code la thymidine kinase 
ou I'ADN polymerase. 

so 

6. Procede suivant I'une quelconque des revendications precedentes, dans Iequel la sequence genique code pour : 
un neuropeptide, un facteur de croissance, une proteine ou un polypeptide qui favorise la regeneration ou prolonge 
la duree de vie d'une cellule, une proteine ou un polypeptide toxique, un produit genique qui compiemente une defi- 
cience neurologique du systeme nerveux central, un marqueur histologique ou une proteine oncogene. 

55 

7. Procede suivant I'une quelconque des revendications precedentes, a utiliser en medecine. 
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8. Utilisation d'un vecteur du virus Herpes simplex 1 (HSV-1 ) comme d£crit dans Tune quelconque des revendications 
pr6c£dentes. dans la preparation d'un agent pour le traitement d'une d6f icience neurologique du systeme nerveux 
central. 

9. Utilisation d'un vecteur du virus Herpes simplex (HSV-1) comme d6crit dans Tune quelconque des revendications 
1 & 7, dans la preparation d'un agent pour moduler la physiologie neuronale d'une cellule neuronale. 

1 0. Proc£d6 de preparation d'une composition pharmaceutique comprenant la combinaison d'un vecteur comme d£crit 
dans Tune quelconque des revendications 1 k 7 et d'un exdpient pharmaceutiquement acceptable. 
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FIGURE 1 
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FIGURE 2 

^^^"^rSS'iSr^t^^ SSCtio - of the 
GAL4. roxxowing stereotactic inoculation with 
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Days after viral injection 



FIGURE 3 

Areas of brain cross-sections surrounding the injection 
site that contain beta— galactosidase-expressing cells. 
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FIGURE 4a 



7134-mediated beta-galactosidase 
cerebral cortex. 



gene expression in the 
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FIGURE 4b 

7134-mediated beta-galactosiciase gene expression in the 
cerebral cortex. 
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